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ABSTRACT 


A memory is modified so that read and write data are 
transferred on both rising and falling edges of a timing 
signal, thereby essentially doubling the data transfer rate 
&om memory. In one embodiment, a dual -edge extended 
data out (DE^D 0) memory includes modified and improved 
circuits and operating methods, as compared to a standard 
extended data out (EDO) memory, so that read and write 
data are transferred on both rising and falling edges of a 
timing signal. In a described embodiment, DE^DO dynamic 
RAM (DRAM) reads and writes data on the rising and 
falling edges of a column address strobe (CAS) timing 
signal. By transferring data on both the rising and falling 
edges of the timing signal, the data transfer rate to and from 
the memory is effectively doubled. 

20 Claims, 6 Drawing Sheets 
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DUAL-EDGE EXTENDED DATA OUT the timing diagram shown in FIG: l, in the fast page mode,/ 

MEMORY a data buffer is turned on f or data access on the falling edge- 

CTCT n nc Tuc iKnACNmnM ^ column access strobe (CAS) signal pulse and the data 

FIELD OF THE INVENTION j^^^^ ^ USS pulse. Using 

Hie present invention relates generally to memory cir- s the EDO tedmique which is shown in the timing diagram of7 

cuits. More ^edfically, the invention relates to dynamic FIG. 2, the data buffers are always turned on. EDO keeps the 

random access memory circuits which improve memory output drivers on even after CAS goes high. Therefore it is 

speed performance. not nece ssary to wait for valid data to appear before starting 

BACKGROUND OF THE INVENTION CAS c ycle. Accordingly, the EDO techn ique a llows 

10 a shorter CAS clock cycle. By shortening the CAS clock 

Performance of computers, data handlmg systems, mfor- ^ycle, the speed performance of the memory is improved. 

maUon systems and, particularly, graphic display systems is technique furnishes an improvement in memory 

highly dependent on memory performance. Continuing ^^^^^ performance over the fast page mode with only an 

improvements in memory bandwidth and latency perfor- insignificant change in circuiuy. 

mancc directly relate to increased usefulness and produc- .c . .v- j -. jjll 

, *^ 15 Accordingly, a technique and cu-cuit are needed which 

tivity of these vanous systems. j _c *i. * j j j * 

^ — ^ . . 1 ^ improve memory speed performance over the extended data 

, Improvements m memory technology basicaUy refer io> ^^^^ operation and that do not significanUy 

improvements m memory density and memory speed. Van- ^^^^^ ^^^-^ ^^^^ 

ous techniques have been implemented to improve memory ^ . . , , 

speed performance.;6ne such technique utilizes interleaved; ""^"^ ^''''^ ' 

memcp Memory chips m typically oi^nized iii banks so / SUMMARY OF THE INVENTION 
that, instead of a single word, multiple data wortls are read / 

or written at one time^The memory banks are one word wide / ^ accordance with the present invention, /a memory is ? 

so Hmflhe v/idtE of a nfeindry iJaiik dcfeS not chaiige, but / modified so Jiat read and write daU are transferred on both / 

'addresses are sent to several banks simultaneously, so that "^ii^g '^^^^^ timing signal, thereby essen- 

all memories are accessed at one time. While consecutive ^^^V doubling the data transfer rate from memory.Tn one 

memory write operations normally require that a later write embodiment, a dual-edge extended data out (DE DO) 

operation must wait for an earlier operation to finish, sepa- memory includes modified and improved circuits and oper- 

ration of memory into banks allow one clock cycle for each methods, as compared to a standard extended data out 

write operaUon, so long as the write operaUons are not 30 (^^O) memory, so that read and write data are transferred 

directed to the same memory bank. Accordingly, the map- ^^2> and faUing edges of a dming signal. In a 

ping of addresses to memory banks affects the speed per- described embodiment, DE^DO dynamic RAM (DRAM) 

formance of the memory. An interleaved memory improves ^^^ds and writes data on the rising and falling edgesj)f a 

memory speed performance by optimizing sequential column address strobe (CAS) timing sign^. By^ansferring / 

memory accesses and allowing multiple independent 35 data on both the rising and faUin^ - 

memory accesses. UtiUzation of multiple memory control- -^^^^ transfer rate to and from the memory is effectively/ 

Icrs j^llows memory banks to operate independently. doubled. 

However interleaved memory techniques unfortrriately y The DE^DO memory selectively and cootrollably oper- 

have some disadvantages. One disadvantage is that inter-y* ates either in the standard EDO operating mode or the 

leaved memories generally require multiple memory chips,-^4o double-speed DE^DO operating mode. The operating mode 

Increasing the size and expense of a memory system. is selected on a row-by-row access basis. 

Another disadvantage of interleaved memories is the difi- In accordance with one aspect of the present invention, a 

culty of main memory expansion. Because memory control method for improving memory speed performance in ran- 

hardware is likely to control equal-sized memory banks, dom access meniories includes setting first cycle tinung with 7 

memory expansion will generally require doubling of a 45 a read, write, or read -write access to a random access 

memory size. memory (RAM), and proceeding with access to the RAM / 

Another technique for improving memory speed perfor- according to extended data out (EDO) timing proceduresf 

mance is usage of fast page mode operation. Dynamic The method further includes utilizing dual edges of a 

random access memories (DRAMs), in general, are accessed column access strobe signal to extend the EDO access and 

by dividing memory accesses into row accesses and column 50 increase performance speed when driving data transfers to 

accesses. Each row access results in a row of bits buffered and from a data buffer within the RAM. The method further 

inside the DRAM for subsequent column accesses. includes utilizing a bit of an address signal in conjunction 

Typically, a DRAM row size is the square root of the DRAM with the cojumn address strobe signal to extend the EDO 

size. Fast page mode operation optimizes memory speed access. lii addition, an output enable signal is utilized to,/ 

performance by supplying timing signals that allow repeated 55 determine whether the dual edges are utilized in a current 

accesses to the row buffer without repeating the time > cycle. ^ 

required for a row access. Thus, the individual bits inside the fn accordance with another aspect of the present 

row buffer are accessed much as a static RAM is accessed — invention, a random access memory (RAM) device with 

the bits are accessed randomly in the buffer by changing the improved performance speed, the RAM device including a 

column address until the next row access takes place. An 60 memory array of elements addressed in a plurality of rows 

advantage of fast page mode operation is that the oplimiza- and a plurality of columns, and a row buffer and a column 

tion is achieved using essentially only the circuitry already buffer for determining a row and column address of a 

present on the DRAM chip. Thus, the cost of the memory is memory element being accessed, further includes a clock 

only insignificantly increased while bandwidth is greatly generation mechanism for receiving a plurality of signals, 

increased. 65 including a row address strobe and a column acMress strobe, 

/ An improvement to the fast page mode of operation^ and for g^erating a plurality of timing control signals, the 

utilizes an extended data out (EDO) tedmique. Referring U> plurality of timing signals including a cotumn address 
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Strobe. The RAM device funher includes a buffer mecha- requiriag additional pins for accessing additional parallel 

nism coupled to the clcKk generation mechanism for receiv- data lines, in contrast to other memory speed improvement 

ing at least two of the plurality of timing control signals and techniques utilize a wider bus to increase bandwidth, dis- 

for facilitating data inpuX and output from the RAM device. advantageously increasing memory cost and size. 
Additionally, the RAM device includes a selection mecha- 5 

nism coupled to the buffer mechanism and the memory BRIEF DESCRIPTION OF THE DRAWINGS 

array, the selection mechanism receiving a selection signal . . , . . 

from the cohimn buffer to assist in accessing daU in the 1' ^^^^^ P™^ ^'^^ ^ ^i™*°g diagram illustraung 

memory array, wherein accessing data occurs on dual edges timmg of a memory data access usmg a fast page mode, 

of the coltunn address strobe signal. FIG. 2, labeled prior art, is a timing diagram illustrating 

Many advantages are gained using the DE^DO circuit and the timing of a memory data access using an extended data 

method. A primary advantage is that the data transfer rate is out (EDO) mode. 

improved by 100% with substantially no change in circuit pjo. 3 is a block diagram which ilhistrates functional 

cost or size. Another advantage of the described dual-edge blocks of an embodiment of a Dual Edge, Extended Data 

extended data out memory is that, compared to a standard Qut Dynamic Random Access Memory (DE^DO DRAM) in 

extended data out memory, twice the data bandwidth is accordance with the present invention, 

achieved using a circuit that is substantially the same in . . • , 1 j • . . ^ j- *i- * 

- . * J ^ . rM-2T>.i^ r^nAnt L- *u FIG. 4 IS 3 mixcd block and ciTcuit Schematic diagram that 

terms of size and cost. A DE^DO DRAM combines the i, . , . . , i^can.^ r^jy a\m • 

. . c 1 cT^rt %u .u J . illustrates an embodiment of a DE DO DRAM circmt. 
advantages of conventional EDO operation with the advan- 
tages of burst mode, cffccUvcly doubling the data transfer ^A and 5B illustrate timing diagrams showing a 
rate while maintaining the address order flexibility of EDO, ^ DE^DO memory interface protocol m accordance with the 
an advantage that burst mode alone lacks. Pi'^^ent invenUon, 

In graphics display memory systems applicatioiB the FIGS. 6A and 6B depict timing diagrams which respec- 

DE^DO circuit and method are particularly advantageous. lively show an extended data out (EDO) read timing signal 

The significanUy improved transfer rate of the described and an extended data out (EDO) write timing signal in 

DE^DO memory is advantageously used to increase the accordance with one embodiment of the present invention, 

speed of large sequential data transfers such as display FIGS. 7 A and 7B illustrate timing diagrams which show 

refresh transfers, large copies, image fill-ins and the like. a dual -edge, extended data out (DE^DO) read timing signal 

Funher advantages arise because the DE^DO operating and a double-edged, extended data out (DE^DO) write 

mode is a modified and extended version of the standard timing signal in accordance with the present invention. 
EDO operating mode. Thus, two words of consecutive data, 
i.e., data having addresses which differ only in the value of 

the least significant address bit A0, are accessed followed by . The present invention relates to improved memory speed 

another two words at any different consecutive addresses performance in dynamic random access memories. The 
within the same page. Because data is accessible in this ^5 following description is presented to enable one of ordinary 

manner, vertical data accesses in a rectangularly-addressed skill in the art to make and use the invention and is provided 

memory,-suchIasZ^^ with 116 addi- in the context of a patent application and its reqtiirements. 
tional overhead withih/ttic same page for two to four raster-^ Various modifications to the preferred embodiment and the 
hhes ib a typically generic principles and features described herein will be 

pixel and a 32 or 64 bit wide memory. This substantial readily apparent to those skilled in the art. Accordingly, the 

reduction in data access overhead allows significant perfor- following is to be considered descriptive and not restrictive 

mance improvements during small data copies or data fills, of the present invention. 

such as textual data fills. Referring to FIG. 3, a block diagram illustrates functional 

The peak data transfer rate of the described DE^DO blocks of a 256Kxl6 Dual Edge, Extended Data Out 
memory is significantly higher than the rate of a standard 45 Dynamic Random Access Memory (DE^DO DRAM) 300. 

EDO memory, for example, a 100 MHz DE^DO memory as The DE^DO DRAM 300 is modified in comparison to 

compared to a 50 MHz EDO memory. However, the two typical memory circuits so that read and write data are 

memories are fabricated at substantially the same cost and transferred on both rising and falling edges of a timing 

may be sold for a comparable price, thereby greatly enhanc- signal, thereby essentially doubling the data transfer from 
ing the cost/performance character of circuits such as graph- 50 memory. In typical operation of a conventional EDO 

ics controllers. DRAM, data is accessed in four burst accesses with four 

It is also advantageous that the disclosed circuit and addresses applied to an address bus and four doublewords 

method of operation easily supports implementations of accessed in memory. In the DE^DO DRAM 300, data is 

functional units, such as memory controllers, having accessed in bursts of two accesses with two addresses 

-different-sized data paths. For^xample, a naecnbi^ cpntfon^ applied to the address bus but each access resulting in the 

for interfacing to a 32 -bit data bus iising two 32-bit DE^D 6 access of two double words. The address, may be incre- 

DRAM arrays can be converted into a 64-bi^^ mcntcd or decremented. For example, if the memory is 

additional 3l-bit bank of latches or a multiplexer. ^ addressed with addresses 0, 2, 4 and 6, then doublewords 0, 

It is further advantageous that the described DE^DO 1. 2, 3, 4, 5, 6 and 7 arc accessed. If the memory is 
circuit and operating mode substantially increase memory 60 decremented so that the memory is addressed with addresses 

speed performance without increasing the system clock rate. 7, 5, 3 and 1, then doublewords 7, 6, 5, 4, 3, 2. 1 and 0 arc 

Thus, improvements in DRAM memory circuits that accessed. 

increase the clock rate can be implemented using the The DE^DO DRAM 300 is depicted as a 256Kxl6 

DE^DO technique to fiirthcr substantially improve memory DRAM for illustrative purposes alone, and it should be 
performance. 65 appreciated that the DE^DO can be implemented in any 

The described DE^DO circuit and operating mode advan- DRAM memory configuration in accordance with die scope 

tageously achieve these performance improvements without of the present invention. 
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Ibe DE^DO DRAM 300 includes a row address s ttobe 
(RAS) clodc generator 310 which is connected to a RAS 
input line, a column address strobe (C AS) cl ods: generator 
312 w hich r eceives input signals from a CAS high (CASH) 
line, a CAS low (CASL) line and an output signal from the 
RAS clock generator, a write e nable (WE) generator 314, 
which receives a write enable (WB) input signal and an 
output signal from the CAS clock generator 312 and an 
output enable (OE) clock g enerat or 316 receiving input 
signals from an ou^ut enable (OE) line and from an output 
terminal of the WE clock generator 314. A clock signal firom 
the RAS clock generator 310 is applied to a refresh counter 
320 to generate a count signal which is applied to control a 
row address buffer 322 in combination with a RAS clock 
signal from the RAS clock generator 310. The row address 
buffer 322 receives address signals from the address bus 
A[8:0] and stores an address designation which is applied to 
a row decoder 324. The row decoder 324, in turn, applies 
decoded row address signals to a 5 12- row by 8192-columQ 
memory array 326. A column address buffer 328 also is 
connected to receive the address signals from the address 
bus A[8:0], under control of a control signal from the CAS 
clock generator 312. The column address buffer 328 applies 

8- bit address signals Y[8;l] to a column decoder circuit 330. 
The column address buffer 328 applies the remaining col- 
umn address bit signal Y[0] to a data I/O sense amplifier and 
selector circuit 332. The memory array 326 applies 8192 
column data bits, as selected by the row decoder 324, to the 
column sense amplifiers and column decoder circuit 330 in 
the form of 256 32-bit extended words. The eight-bit column 
address Y[8:l] applied by the column address buffer 328 to 
the coliunn sense amplifiers and column decoder circuit 330 
selects one 32-bit extended word from the 256 extended 
words. The single column address bit Y[0] is applied to the 
data 1/0 sense amphfier and selector circuit 332 to select a 
16 -bit word from the 32-bit extended word and apply the 
16-bit word to an 1/0 buffer 334. The I/O buffer 334 
communicates the 16-bit word to a data bus D[15:0]. 

The RAS clock generator 310, CAS clodc generator 312, 
WE clock generator 314 and OE clock generator 316 control 
generation of a sequence of delayed timing signals that are 
triggered by the W and OE input timing 

signals. For example, typically in a DRAM that supports fast 
page mode operations, the CAS clock generator 312 also 
generates an output buiffer access dela y inte rval time signal 
that times a delay interval between the CAS falling edge and 
the turn-on time of the data buffer. This output buffer access 
delay interval time signal is used in fast page mode to 
activate the data buffer at the delay following the falling 
edge of CAS and deactivate the data buffer at the rising edge 
of the CAS signal. 

The row address buffer 322 and the column address buffer 
328 time multiplex the address lines A[8:0] at the begiiming 
of a m emory cycle using two clocks , the r ow address strobe 
RAS and the column address strobe CAS. The address lines 
A[8:0] are time multiplexed into a 9-bit row address and a 

9 - bit co limm address. In each read or write me mory cycle, 
a RAS active tr ansitio n occur s, followed by a CAS active 
transition after a RAS to CAS delay time. The delay time is 
typically used to set up external addressing to the DRAM 
300. 

A clock signal line connected from the RAS clock gca- 
erator 310 to the CAS clock generator 312 c ontrol s the CAS 
clodc generator 312 so that an external CAS signal is 
enabled only when a RAS sig nal int ernal to the DRAM 300 
is a ctivat ed. Thus, an external CAS signal enables an inter- 
nal CAS line as soon as a row address hold time has expired. 
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The DE^DO DRAM 300 operates in several different data 
transfer cycle protocols induding read, write cycles and 
read-write cycle protocols. For each of these data transfer 
cycle protocols, the DE^DO DRAM 300 functions in cither 
an extended data out (EDO) mode or a dual-edge extended 
data out (DE^DO) mode. The EDO mode is an extension of 
and functions in compliance with a standard fast page mode. 
The DE^DO mode is an extension of and fiinctions in 
compliance with the EDO mode. 

A read cycle begins by add ressi ng th e DRAM 300 as 
previously described with RAS and CAS active transitions 
activating the latching of bit locations selected by address 
lines A[8:0]. The read mode is enabled when the write signal 
WE is a logic high level for a sufficient time interval prior 
to the CAS active transition. Vafid data is furnished by the 
memory array 326 when the CAS signal becomes active 
following the preceding RAS signal. Otherwise, the valid 
data is furnished following the previoxis CAS falling edge. 

RAS and CAS remain active for mini mum time intervals 
to complete a read cycle. Write signal WE remains high 
thro ughou t the cycle plus sufficient time intervals after RAS 
and CAS active t ransit ions to maintain the data at a bit 
location. After a RAS inactive transition, RAS remains 
inactive to prechaige the DE^DO DRAM 300 internal cir- 
cuits for a subsequent active cycle. Read data is valid, but 
not latched, while the CAS remains active. When CAS 
transitions to an inactive state, the data output is tristated. 

The DE^DO DRAM 300 also utilizes several different 
write cycles, including an early write cycle, a late write 
cycle, a page mode early write, a page mode read-write 
cycle, an extended data out (EDO) write and dual-edge 
extended data out (DE^DO) mode versions of the cycles. A 
normal write cycle begin s by a ddre ssing the DRAM 300 as 
previously described as RAS and CAS active transitions 
activate latching of bit locations selected by address lines 
A[8:0]. The write signal WE goes to a low level to enable the 
write mode. In the early write mode, the write signal WE 
transitions to an active low level following the active 
transition of a preceding CAS signal. Data on the data lines 
D(15:0) is referenced to CAS in an early write cycle. The 
RAS and CAS clocks remain active after the start of an early 
write cycle to complete the cycle. The write data remains in 
a tristate condition throughout an early write cycle because 
the write signal WE acti ve transition occurs before or 
simultaneously with a CAS active transition so that data-out 
buffers are disabled. 

A late write cycle takes place when a write signal WE 
active transition occurs after a CAS active transition. Data 
on the data lines D(15:0) is referenced to WE in a late write 
cycle. The RAS and CAS clocks remain active after the WE 
active transition to complete the cycle. 

During a single read-write cycle, the DE^DO DRAM 300 
first executes a read operation, which is immediately fol- 
lowed by a write operation at the same address. The read- 
write cycle is essentially the s ame as a late write cycle, 
except that the write signal WE is c ontro lled to remain high 
for a selected time interval after the CAS active transition so 
the data is held valid before it is written. 

Fast page mode read, write and read-write operations arc 
fast successive data transfers at multiple column locations of 
a selected row of the memory array 326. Fast page mode 
operations can be performed seriaUy in consecutive page 
mode cycles or can be intermixed with standard cycles. A 
typical read acc ess tim e in fast page mode is approximately 
half the regular RAS access time. Fast page mode achieves 
this increase in speed by maintaining the row address strobe 


08/13/2003, EAST Version: 1.04.0000 


5,950,223 

7 J_ 

RAS signal active while toggling the column address strobe depcEM^ing on whether the CAS edge is a rising edge or a 

CAS betw een high and low signal levels. A ro w is l atched falling edge. In addition, exclixsive-OR gate 430 operates as 

by a RAS active signal transition, while each CAS active a one-bit counter for counting column address bit AO. 

transition selecU a column location on the row. The selected AND-gatc 432 enable s tran sfer of the selected doublebytc 

cohunn may successively change or may remain the same. 5 under control of the 'CM signal. The additional control 

Afast page mode cycle begins with a standard read, write, circuitry thus provides for selection between DE^DO and 

or read-write cycle, in accordance with previous description, £00 operating modes and toggling to control selection of an 

which defines and sets first cycle timing. Fast page mode appropriate data word. 

timing follows in subsequent cycles as the CAS signal i-Ti-o j ■ j- . -n ^ . 

.7. . • 7 1 r 7TT-C u • * 1 rluS. 5A and 5B arc tmimg diagrams that illustrate a 

transitions to the mactive level for a CAS precharge mterval t-.t^-'f^^ • * ^ r^i-zT^/^ • . r 

. n-Tc • 1-1 1 1 TV A TvTc DE DO memory mterface. The DE DO memory interface 

while RAS remains a logic low level. The second CAS , u-^- c *jj-t* * rrT^r^\ 

... TTT-F • 1 u • .u £ * protocol is a combination of an extended data out (EDO) 

active transiUon while RAS remains low begms the first . , ■ j -^u *u ir-rxr-^ /t - * i-i . 

, IT-. J • * • . J protocol in accordance with the JEDEC fJomt Electron 

page mode cycle Fas page mode operatioQ .s termmated ^^^^ Engineering CouncU) Standard and a burst protocol, 

when RAS transitions to mactive at the same time or shortly „ * u ttatt 1 * u ^tttt j 

c II • T^-r^ • 4 Row address strobe RAS, column address strobe CAS and 

following a CAS mactive mion , ,^ ^ , 15 address signals comply with the standard EDO device 

An extended data out (EDO) mode cycle, like the fast j„ ^ccorfance with the JEDEC EDO standard 

page mode cycle starts with a standard read, write, or -^^ ^y a 

read-wnte cycle which defines and sets first cycle tuning. ^^^^ controller at the falling edge of each CSS pulse. 

EDO mode Ummg and hmmg signals are essenUally the ^ transferred on the falling edge of the CAS pulse, 

same as fast page mode timing and tuning signals except for 20 n r ■ . mo ■.- u n . . « j» j . 

. 4 u IT J 1 I lu r . J J .u Referring to FIG. 5A, whidi illustrates a "read data 

an output buffer access delay. In the fast page mode and the , ° . , ,., .... . ^ j 

J ,1, r 11- J c .u 7=rTEr - i • . access, data must be valid on the nsmg edge of the CAS 

EDO mode, the falhng edge of the CAS signal mitiates , ' . ... ^ % „■ j c .■_ 

timing of the output buffer access delay. When the output ^ ^^'"^ ES^dge of he 

buffer access delay passes, the data buffer D[8:0] is acti- ^ ^"f^'^^^ °? .1 H°f ^"h",!^' ^ ^ h ' 

vated In the fast a e mode but not the EDO mode the accessed data changes to the data word that is addressed with 

2mg edge^of'uie^^'^sign;] deactivates the data buffer ^ the least significant address bit AO toggl^^ 

r^roniT * j • *u cT>>i^ j *u j * u «• nro m ■ mode, either DE^DO mode or EDO mode, IS Specified at the 

D[8: 01. Instead, m the EDO mode, the data buffer D[8:0] IS /. - . u tttc i jt 

AL^*;„^i^J K„# tu« rrJ^i r\vc\.;™oi assertion of a row address strobe RAS pulse and functions 

not deactivated, but rather the next sequential CAS signal l.. r j^^i.j. 

r IV J % L * *t. ^j* 4 * trr^rM *u m a manner Similar to 3 buTst transfer modc. The last data 

fallmg edge switches to the next data output. EDO keeps the . . . . ,. , 

. ° J P. TTTcf u- u -m. ^ • word rcmams vaUd until the RAS signal is deasserted. 

output dnvers on even after CAS goes high. Therefore it is 30 ^ - 

not necessary to wait for valid data to appear before starting Referring to FIG, 5B, a "write" DE DO data access, 

the next CAS cycle which complies with the JEDEC EDO standard protocol and 

The dual-edge extended data out (DE^DO) mode is an ^^^^ operation, is perform^ in a manner which is 

extension of the EDO mode and further increases by two f^^''' « 7^^ ^f^l'^, specified at the 

times the amount of daU switched in each cycle. Like the 35 edge of each CAS pulse and the fiist data_^ to be 

r , J J r J t* nr:2nn ™ -i wntten must be valid on the tailing edge oi the CAS pulse, 

fast page mode and EDO modc operation, DE DO mode ^ . . , , , 

begins with a standard read, write, or read-write cycle which ^he second daU word to be wuten must be valid on the 

defines and sets first cycle liming. DE^DO mode timing and subsequent nsmg edge of the CAS^e. The last data word 

timing signals are essenUally the same as EDO mode timing on deassertion of the RAS pulse He memory 

and liming signals except for liming signals driving data 40 CAS pulse as a control signal which 

transfers to and from the data buffer D[8:0]. In the DE^DO ^^^"^ ^ '^^^'^ «° °" 

mode, both the rising edge and the falling edge of the CAS Refetrmg to nCS. 6A and 6B, an extended data out 

signal initiate timing of the output buffer access delay (EDO) read timing signal and an extended data out (EDO) 

interval. When this time interval expires, the data buffer write timing signal are respectively shown. Also referring to 

D[8:0] switches to transfer tiie next data output. 45 ^"3^- 7Aand 7B, a dual-edge, extended data out (DE DO) 

Referring to FIG. 4, a mixed block and circuit schematic read timing signal and a double-edge, extended data out 

diagram illustrates an embodiment of a DE^DO DRAM (P^ ^O) wnte Ummg signal are respectively shown. The 

memory controller circuit 400. The DE^DO DRAM memory 'i°>'"g diagrams shown m FIGS. 6A, 6B, 7A and 7B are 

controller circuit 400 includes a conventional EDO DRAM disoissed m conjunction with the block diagram of the 

memory controller circuit with additional control circuitry 50 DE DO DR.^00, which is shown m RG. 3. At the falling 

for implementing dual-edge data transfer capabilities. ^^ge of the RAS signaUhe column address strobe (C^ 

Further, the memory controller 400 generates all addresses, ""'P"' ^ l*^*"* "! ^^a'^a'^d 

thus diminishing a need for a burst address counter. Column determme whether the DRAM 300 is to perform a regular 

address lines Y[8:l] are appUed to both memory array (ED^ . cycle or a dual^ge EDO 

high-doublebyle section 420 and memory array low- ss (DE»DO) ^[de. When CAS is a logic high and OE is a logic 

doublebytc section 422 to specify two target date low at the RAS fdUng ed^the DRAM 300 enters an EDO 

doublebytes, one doublebytc from each memory array sec- «=y=*«- and IJE are a logic high at the RAS 

tion. Address line Y[0] selects the memory array high- ^6 DRAM 300 enters a DE^DO cycle. When 

dottblebyte section 420 when at a high logic level and selects ^ subsemienUy goes to a logic high, the cycle, either 

the memory array low-doublebyte section 422 when at a low 60 EDO or DE DO, is terminated. 

logic level. A 32-bil worf is thereby selected by the address When RAS is a logic low level, a CAS falling edge latches 

Unes V|;8:l]. The 32-bit word k applied to a multiplexer 440 Ihe column address in either the EDO cycle or the DE^DO 

which selects either the high-doublebyte or the low- cycle. The column address is latched in the column address 

doublebyte imdet cont rol of exclusive-OR gate 430. Column buffer 328 through the operation of the CAS clock generator 

address strobe signal CAS and address line ¥[0] are input 65 312. 

signals to exclusive-OR gate 430 so that either the high- However, i n the DE^DO cycle, the first CAS falling edge 

order doublebyte or the low-order doublebyte is selected following the RAS falling edge contitils whether the opera- 
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tion performed is a page read or a page wri te ope ration in What is claimed is: 

accordance with the level of the write enable (WE) signal as 1. A method for improving memory speed performance in 

is shown in FIGS. 7A and 7B. Once the page read or page random access memories, the method comprising: 

write operation is selected, the subsequent CAS signal setting first cycle timing with a read, write, or read-write 

executes the selected dual edge page read or dual edge page s access to a random access memory (RAM); 

write operation until the RAS signal goes to a high logic proceeding with access to the RAM according to extended 

level. The address transfer rate during the DE^DO data data out (EDO) timing procedures; and 

transfer operation is the same as the address transfer rate of transferring data on falling and rising edges of a column 

a conventional EDO memory access, once per CAS pulse, address strobe signal to extend the EDO access when 

and the access time to a first data word is the same as for the lO driving data to and from a data buffer within the RAM. 

conventional EDO memory. However, in a DE^DO read 2.Thcmcthodof claim 1 further comprising utilizing a bit 

cycle, two data elements addressed by the column address address signal in conjunction with the column address 

ai« fetched in each CSS cycle. For any column address [A8, strobe signal to extend the EDO access. 

A7, A6 . . . A2, Al, AO], the two memory array 326 locations 3. The method of claim 2 further comprismg utilizing a 

addressed as [A8, A7, A6 . . . A2, Al, 1] and [A8, A7, A6 is ^^^^^ significant bit of the address signal. 

. . . A2, Al, 0] are read out. If AO is equal to 0 during the CAS ^' method of claim 3 further compnsmg usmg the 

falling edge, then the first data element addressed by the ^^^^^ significant bit and the column address strobe signal to 

latched column address [AS, A7, A6 . . . A2, Al, 0] is read ^^ggle between accessing high or low double-bytes of data 

out in the CAS high to low transition and the second clement ^^^"^^ ^^^V sections within the RAM. 

of data addressed by the latched column address [A8,A7,A6 20 5. The method of claim 1 further oompnsmg utilizing an 

. . . A2, Al, 1] is read out by the CAS low to high transition. °^^P^^ ^"^^^^ ^ig*^^ * ^^^ing edge of a row address strobe 

Conversely, if AO is equal to 1 during the CAS faUing edge, signal to determme whether the fallmg and rising edges are 

then the first data element addressed by die latched column ^^-"^^^ ^ ''''^^^} 

address [A8, A7, A6 . . . A2, Al, 1] is read out in the ^ ^' ^^^^^o^ ^ whcrem when the output enable 

high to low transition and the second element of data 25 signalis at a same logic level as the column address strobe, 

addressed by the latched column address [A8, A7, A6 . . . A2, the falling edge of the row address strobe signal the falling 

Al, 0] is read out by the CM low to high transition. ^^^S ^^^^^ ^^^^^^ ^^^"^ ^y^l^' 

^. , . r^r^^T^^ . t . J . 1 . 7. The method of claim 5 wherem when the output enable 

Similarly, in a DE DO wnie cycle, two data elements • i • * * i • i i .u i 

, f ' , - , ' . . , signal IS not at a same logic level as the column address 

addressed by the column address are written in each CAS ° . **l r n- j f7u jj * u • wu 

, „ , rAO*-»A^ AM strobe, at the fallmg edge or the row address strobe signal the 

cycle. For any column address [A8, A7, A6 ... A2, Al, AO], ^ n • • j * *'i j - ♦u ♦ i 

/ , • 1 J r A o A J faUmg and nsing edges are not utilized in the current cycle 

the two memory array 326 locatioas addressed as I A8, A7, , , ^^^^aLa a^*^ ™ « . 

*^ IT irAO A-i A-i L and a regular extended data out cycle occurs. 

A6 ...A2,A1, l]and[A8,A7,A6 . . .A2,Al,01are wntten, o a j /n a\ji\ a ■ 

TrAA- 1 nj • !u T^cf IV J *u *u c * 8. A random access memory (RAM) device with 

If AO IS equal to 0 durmg the CAS falhng edge, then the fii^t ^ ^^^^ ^ performance speed, the RAM device including a 

data element addressed by the latched column address [A8, ^ r i , aa a - ii*f 

^ ^ ^ ^ 1 > ^ ^1 . . . ^ A i_ - »_ S t<: memory array of elements addressed m a plurality of rows 

A7. A6 . . . A2 Al, 0] is written in the high to low ^ ,^^3^ ^j^^ ^ buffer aiKl a column 

trai^ition and the second element of daU address^ by the ^^^^^ determining a row and column address of a 

latchedcolumn address A8.A7.A6. . . A2.A11] is written ^ ^ ^^^^^ 

by the CAS lo w to hi gh transition. Conversely, if AO is equal . 

to 1 during the CAS failing edge, then the first data element ' . _ . . , i -. r 

addressedbythelatchedcolumnaddress[A8,A7.A6...A2, « ^^^^^^ generaUon means for «ceiving a plurality of 

Al, 1] is written in the CAS high to low transition and the ^8°=^' '"Idress strobe and a column 

second element of data addressed by the latched column '"''"'^^ generatmg a pliiraltly of uining 

address [A8, A7, A6 . . . A2, Al, 0] is written by the CAS "'"yf' ^S"^' "''^ y °. T*"^ 

1 . u • . . . an mteraal column address strobe; 

low to high transition. , ^ , t , , , 

, , „ . , . . 45 a buffer means coupled to the clock generation means for 

In all cases^ whether AO is 0 or 1 dunng the CAS falling ^^j^j ^^^^^ „f ^^e phiraUty of timing control 

edge the high order 8 bils of the address [AS. A7, A6 . . . ^ facilitating data input and output from 

A2, Al] are always^ the same. ^ 

Thus, at any CAS cycle time, twice the amount of data is ^ selection means coupled to the buffer means and the 

either read or written into the memory array 326 in the dual jq memory array, the selection means receiving a selec- 

edge EDO cycle, as compared to the regular EDO cycle. ^^^^^ {^^^ column buffer to assist in accessing 

This result is achieved although the timing for the dual edge data in the memory array, wherein accessing data 

EDO and regular EDO cycles are identical for the CAS and occurs on falling and rising edges of the column 

address format. Accordingly, twice the memory perfor- address strobe signal. 

mance is achieved using DE^DO operation. Conceptually, 55 9 The device of claim 8 wherein the selection 

the DE'DO DRAM operates in the manner of a burst signal comprises a least significant bit of an address signal. 

DRAM, with a burst limit of 2 words, rather than the burst 10. The RAM device of claim 8 wherein the selecuon 

limit which is equal to the DRAM page size in the burst signal selects high and low double-bytes of a sccUon in the 

DRAM standard definition. memory array. 

Although the present invention has been described in 60 11 . The RAM device of claim 8 wherein the clock 

accordance with the embodiments shown, one of ordinary generation means further receives an output enable signal, 

skill in the art will recognize that there could be variations the output enable signal assisting in selection of an operation 

to the embodiment and those variations would be within the to allow data access on the falling and rising edges of the 

spirit and scope of the present invention. Accordingly, many column address strobe signal. 

modifications may be made by one of ordinary skill wittout 65 12. The RAM device of claim 8 wherein the clock 

departing from the spirit and scope of the present invention, generation means fiirther comprises a row address strobe 

the scope of which is defined by the following claims. clock generator receiving the row address strobe. 
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13. The RAM device of claim 12 wherein the clock 
generation means further comprises a cohimn address strobe 
clock generator coupled to the row address strobe clock 
generator and receiving the col\imn address strobe. 

14. The RAM device of claim 13 wherein the clock S 
generation means further comprises a write enable clock 
generator coupled to the column address strobe clock gen- 
erator and an output enable clock generator coupled to the 
write enable clcK^k generator. 

15. A method for improving performance speed in a lO 
memory device, the method comprising: 

providing a random access memory (RAM) capable of 
extended data out (EDO) operation, the RAM receiving 
a plurality of signals, including an address signal and a 
column address strobe signal; and 

utilizing the column address strobe signal and at least one 
bit of the address signal to extend the EDO operation by 
transferring data on the falling and rising edges of the 
column address strobe signal. 

16. The method of claim 15 wherein the at least one bit of ^ 
the address signal farther comprises a least significant bit of 
the address signal. 


12 

17. The method of claim 16 further comprising using the 
least significant bit and the column address strobe signal to 
toggle between accessing high or low double-bytes of data 
from memory array sections within the RAM. 

18, The method of claim 15 further comprising utilizing 
an output enable signal at a falling edge of a row address 
strobe signal to determine whether the falUng and rising 
edges of the column address strobe signal are utilized in a 
current cycle, 

19. The method of claim 18 further comprising utilizing 
the falling and rising edges of the column address strobe 
signal in the current cycle when the output enable signal is 
at a same logic level as the column address strobe signal at 
the initiation of a read or write cycle. 

20, The method of claim 19 further comprising utilizing 
a regular EDO cycle when the output enable signal is not at 
a same logic level as the column address strobe signal at the 
initiation of a read or write cycle. 

* « * * * 
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